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Background

WbWRmmd SateWeCommunicm“onSystemsinL&bandsaregoingintothe
operationalphase. In thefuture,theywillbe qerated in muchhigherfrequencybands,
for examplein Ka-band,becausetheavailablebandwidthinMand is limited.
withlargeon-boardantennasin higherfrequenciesallowthesameconfigurationas
terrestrialcellularradiosystems,sincetheon-boardantennaswillhavemanvsmallmot
beams. This maybe tnk especiallyin a lowearthorbitsystemsuchas Tekdesic, ;hich
willuse Ka-band.

Themost “UnporMntparameterof satelliteCeUularmaybecellsize,thatis, a diameterof
thespotbeam A systemdesignerneedsthe localcorrelatkmdatain a cellandthe sizeof
thecmelative - @the otherhand,themostsignificantdifficultyof IQ andhigher
bandsystemsis the cumtemwawmto rainattenuation. Many41 systemscanmanage
the limited power of on-board tmqmdem by Contding outputPOW= of eachbeam
dependingon therain attenuationof eachcell. If thecellsizeis eqwdto thecorrelative
area,the systemcanprobablyachievethemaximum amance.P=f

.-

Propagationdataof Ka andhigherbandobtainedin thepastshowsa longterm
cumulativefeatureandlinka “vdability, M donot indicatethecorreM“vearea. The
JapaneseCOME’ISsatellite,whichwillbe launchedin February1997,has transponders
in Ka andQ-band. The~ is planningto measurethecondative areausing21GHz
and44GHzCWtransmissionsfromthe COMEIS

Propagation Research Plan

Earthstationswitha receimonly functionaresetup in themeshedconfigurationwith
severalkm intervals,for example,3x3or4x4. Thefunctionsof earthstationsare to
measurereceivedlevel,precipitation,andckdiness Datakm thestationsare
measuredsimultaneoudy,andrecordedbydatamco&s orreal-timetransnu“ttedto a
centerthrougha publictelephonenetwork As theinteval of meshedearthstationswill
be a parameterof thismeasuremen~it willbe changedin a certainperiod,forexample,
oneyear. Dueto thedifferentintenmls,themeamement canbeexpandedin its dynamic
rangewith a limitednumberof earthstations.

Acammhed datawillbe analyzedtoestimatethecorrelativearea Astheattenuationdue
to cloudsis notnegligibleeqecdl“ yin mm-wavesuchas Q-band,therelationbetweena
fade levelandthecloudinessmaybean intemting targetfor analysis.

In our tentativeplan,the developmentof a bread-boardmodelof theearthstationwill
startthisyear,andat least9 stationsin Ka-bandwillbedevelopedbeforethesatelliteis
launched. TIEmat significantdiffkultyin thisresearchis thec@ of receivemand
antennas. Awe wouldliketo preparemanystations,weneedcosteffectiveantennas
andreceivem.
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... COMETSProject

ExperimentalMissions
Advanced MobileSatelliteComm.(CRL)
AdvancedSatelliteBroadcasting(CRUNASDA)
Inter-orbitCommunication(NASDA)

Objectivesof AdvancedMobileSat-Corn
To developbasictechnologyof future mobile/
personalsatellitecommunicationin Ka/ mm-
wave“bands.

Features
RegenerativeTransponder(SCPC/TDM)
BeamInterconnection

On-boardEquipment
.

Freq : 21GHzI 44GHz
Tx Power : 20W I 20W
ANTGain : 48dBi / 54dBi (2m)

. EIRP : 58dBW/ 61dBW
Polarization: LHCP

BroadcastingMission
Frequency : 20.7GHz
Tx Power : 200W
ANTGain : 46dBi(2.3m)
EIRP : 66dBW
Polarization: RHCP

—-

.—

.0
..&

73
.-



f
I

L

b On-boardAntennaRadiationPattern
in Ka-band

r 45N

40N

——

4

) RadiationPatternof BroadcastingANT
o 1 ) \{ P . I

\

.
..*

74
.-



FutureMobile/ PersonalSatellite
Communication

HighFrequency
HighEIRP Satellite

LowEarthOrbit Cellular

Cellsize (spotbeamsize)will be the most important
parameterfromthe viewpointof rainattenuation.

Becausethe EIRPof eachcellwill be controled
dependingon the linkconditionof eachcell.
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SimpleEarthStationHardware

15-20dBi

800 vL \ NkIzMeasuring
LNA – D/C “

21GHzor Receiver
44GHz

I
\

Osc Data
Recorderv \

Summary

Propagationresearchfor futuresatellite
cellularcommunications

UsingCOMETSKa/Q-bandTransponders

Simultaneousmeasurementwith array
configurationof simpleearthstations

Estimationof correlativearea/ cloud’seffect
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- ETS-VIwas launchedon 28 August ~994with a laser communi-
cation payloadcalled LCE (LaserCommunicationEquipment).

- In November,ETS-VIwas transferredinto 3-day subrecurrent
orbit suitable for communicationexperiment.

- It is necessaryto make attitudebias-controlby leaningthe
antenna pointingfor communicationwith Japaneseground
station.

,

.

- Becauseof the strong radiationeffects in the Van Allen belt,
electric power of the solar array is decreasingand this will limit
the satellite lifetime.
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Receiving evel of onboard CCD tracking sensor
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Receiving level of onboard fine tracking sensor (QD)
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Cumulative probability of receiving laser power
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All componentsand subsystemin the LCE are normal” present.

in the world if the satelliteLCE can be accessedfrom
attitude can be maintained

anywhere
to point to the target ground station.

light
.

There exist severe attenuationand scintillation
caused by atmosphericturbulences.

in uplink .

and the variation of the scintillationgives good agreementwith the
log-normaldistribution.

Adaptive optics will be able to
(dueto atmosphericturbulence)of up-link laser light in’the “
ground-basedlaser communicationexperiment.

attenuationdecreasethe

Lsser communication●xperimentusingETS-VI OHP9


